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Introduction 
Throughout the cotton producing areas of Louisiana, nitrogen (N) is 
often the most limiting nutrient element. Yield of cotton is influenced by 
N availability, with production problems arising from either a deficient 
or an excessive N supply. Inadequate N can result in small plants that 
produce fewer fruiting branches and flowers. Excessive N can result in 
tall, rank cotton with increased incidence of lodging , boll rot, and insect 
damage, especially in the presence of heavy rainfall or excessive irri-
gation. Since either of these situations can result in reduced yield, efficient 
N fertilization is essential for the production of optimum cotton yields. 
Nitrogen fertilizer recommendations in Louisiana are based largely on 
long-term average yield responses to various N fertilizer rates. Within 
the cotton· producing areas of Louisiana, the yield potential may vary 
from year to year and with it, the N requirement of the crop. Methods 
of soil and plant analysis that allow more accurate determinations of the 
soil N available to a cotton crop or the N status of a growing crop could 
help achieve greater efficiency in developing N fertilization programs. 
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In the irrigated American southwest, researchers have successfully used 
soil and plant analyses in efforts to formulate N fertilization systems for 
cotton production. The N03 - N concentration and the N mineralized 
during laboratory incubation of soils have proven in some instances to 
be reliable indexes of N availability. 
Petiole NOJ - N analysis has been used to evaluate the N status of a 
growing crop. Nitrate-N levels in cotton petioles for selected stages of 
plant development have been established in some cotton growing areas 
and serve as a guide for ascertaining the N status of tested plants. 
Tests that could accurately reflect the N status of the cotton crop during 
the growing season would benefit growers . Such tests could be used to 
avoid unwarranted N applications or to indicate the need for additional 
N applications. If the need for N was indicated by plant analysis, efficient 
methods of supplying N during the growing season would benefit growers . 
These methods must not be conducive to rank growth and delayed ma-
turity, especially in years when heavy rainfall occurs in late summer. 
Therefore, this research was initiated to: 
(1) define relationships among N fertilization, cotton yields and petiole 
N03 - N concentrations in the three major cotton producing regions of 
Louisiana; (2) determine if split applications of N were more beneficial 
than preplant N; (3) compare the effects of foliar applications of urea 
with preplant and postplant soil applications of ammonium nitrate on 
cotton yields; (4) evaluate petiole N03 - N analysis as a basis for 
making postplant N fertilizer applications to cotton; and (5) determine 
the effects of N fertilization on residual soil N03 - N levels . 
Literature Review 
Fruiting Habit 
Cotton in its wild state is a perennial woody shrub having a sernidesen 
habit (Tharp, 1960) . All cottons belong to the ge.nus Go~sypium and many 
wild cottons thrive in arid, tropical and subtropical regions of the world. 
The cottons grown by the early American colonists were somewhat 
adapted to upland sites and were called upland cottons , a nam~ descriptive 
of the varieties of Gossypium hirsutum grown today (Lewis and Rich-
mond , J 968). 
American upland cotton is a day neutral plant. Factors such as moisture, 
nutrient supply, total captured radiant energy, temperature and boll load 
largely influence the fruiting behavior of cotton (Tharp, 1960). 
In his review of the physiology of the cotton plant, Eaton (1955) 
discussed how artificial removal and shedding of fruiting bodies tended 
to increase vegetative growth. Natural shedding or artificial removal may 
be compensated for in son:ie cases ?~ later developm~nt of fruiting struc-
tures under suitable growmg cond1t1ons. Compensation for lost fruiting 
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structures decreases as the season progresses. The amount of compen-
sation for early season losses of fruiting structures is limited in short · 
season areas, usually by the onset of unfavorable growing conditions. In 
long season areas, characterized by two peak flowering periods, early 
season losses can be fully amended by additional growth and late season 
boll set (Gardner and Tucker, 1967). 
Crowther (1934) demonstrated that developing bolls exerted a dominant 
influence on the cotton plants as they matured. This influence often re-
sulted in a decrease in apical growth of the main stem of the plants. A 
reduction in the vegetative growth of cotton plants during heavy fruiting 
was attributed to a depletion of available carbohydrates by developing 
bolls and reduced movement of photosynthates to the roots (Eaton and 
Joham, 1944). The reduced movement of carbohydrates to the roots 
coincided with a decrease in the N03 - N level in cotton plant petioles. 
Work by Saleem and Buxton (1976) also indicated that developing 
bolls were responsible for a reduction in the total available carbohydrates 
and slowed growth of cotton under heavy boll load. This study demon-
strated that once bolls neared maturity and were no longer a dominant 
sink for assimilates and nutrients, the rate of vegetative growth increased 
if favorable growing conditions existed. 
Further evidence of the effect of boll load was demonstrated by Gardner 
(1963). He found that as the cotton plants became loaded with bolls, 
decreases occurred in vegetative growth, petiole N03 - N, and flowering. 
Studies by Dale (1959) and Patterson et al. (1978) showed that an 
increased boll load resulted in decreased flower production. Working with 
two variaties, "Deltapine Smooth Leaf" and "Acala 44-10," Patterson 
et al. (1978) removed flowers at intervals and demonstrated that plants 
receiving the most severe deflowering treatments produced the greatest 
number of flowers. "Deltapine Smooth Leaf," the more determinant 
variety, was influenced more than "Acala 44-10". The authors believed 
that maintenance of an early boll load by "Peltapine Smooth Leaf" was 
one of the factors responsible for differences in fruiting habit between 
the two varieties. A high boll load also resulted in lower photosynthetic 
rates of young fully expanded cotton leaves. The authors reasoned that 
an understanding of the physiological factors that are responsible for 
fruiting cut-out, which is associated with boll load, should aid in the 
achievement of yield increases. 
Nitrogen Fertilization 
The indetenninant growth and fruiting development of cotton neces-
sitates adequate available N for plants to establish a framework conducive 
to high yield without stimulating excessive vegetative growth. Excessive 
N fertilization can result in increased lodging, boll rot, incidence of 
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disease and greater difficulty in defoliation (Tucker and Tucker, 1968). 
Nelson and Ware (1932) found that applications of N to cotton increased 
the number of blooms produced. The number of bolls set and yields 
increased from the zero N treatment to the highest N application rate of 
300 pounds of N per acre applied as NaN03 • The greatest increase in 
yield per unit of applied-N resulted from the lowest application rate of 
50 pounds per acre. 
One of the primary functions of N is the stimulation of meristematic 
activity . Crowther (1934) found that increased N supply resulted in in-
creased plant height, number of nodes per plant, and flower production. 
Wadleigh ( 1944) demonstrated that N applications resulted in increased 
growth, which increased sites for and numbers of fruiting branches. The 
number of mature bolls was also increased. Clark (1964) found that N 
applications of zero to 464 pounds per acre were accompanied by increases 
in the N-content of above ground tissue, number of axis nodes, height 
of plants, and yield of dry matter. Lint yield was not increased. 
Baker (1966) found that N was used most efficiently when soil appli-
cations were made before the eight-leaf stage of development. An ade-
quate N supply for young cotton is a prerequisite to the production of 
maximum yields since a vegetative framework is necessary that is con-
ducive to further initiation of fruiting branches when flowering begins. 
Research indicates that when an N deficiency results in the cessation of 
flower production by cotton plants , up to 6 weeks may be needed for 
production of new flowers (Gardner, 1963). 
MacKenzie et al. (1966) demonstrated the influence of timing of N 
applications on yield and lodging of cotton. Late season applications of 
N (early August) caused increased lodging and yield reduction. The ap-
plication of 300 pounds of N per acre by early June increased yield without 
increasing lodging or delaying maturity. Increasing rates of soil-applied 
N resulted in increased height, lodging, boll rot, yield, and harvesting 
difficulty in a study by Anderson (1975) . 
Eaton and Ergle (1953) studied the relationships between carbohydrate 
and N levels in the cotton plant and the rate of boll shedding. Daily foliar 
applications of 20 percent sucrose and I percent N as urea failed to 
improve growth and resulted in a significant decrease in the number of 
bolls set by the plants. There was no effect on flowering . Sucrose failed 
to increase the carbohydrate levels , while urea decreased the carbohydrate 
levels and increased the N content. The sucrose-urea solution reduced 
the N content of the plants. It was concluded that the maximum number 
of bolls initiated by the cotton plant is influenced by the nitrogen and 
carbohydrate levels within the plant, but the number that mature may not 
be directly influenced. ''Within varieties and environment, '' they stated, 
"the number of bolls per 100 grams of fresh stems and leaves remains 
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rather constant even though nutritional factors may cause marked differ-
ences in plant growth." Similar conclusions were drawn by Gardner 
(1963) . 
Penetration of 14C-urea t.'ifough cuticular membranes with and without 
stomates has been demonstrated by Yamada et al. (1964). Rate of urea 
penetration was 10 to 20 times greater than that for cations and anions 
tested (Ca++ , Rb +, SO = 4 and Cl- ) in a study by Yamada et al. ( 1965). 
Continued exposure of cuticular membranes to urea caused an increase 
in permeability (Wittwer et al., 1965). Foliarly-appliled urea is normally 
absorbed more rapidly by young leaves than by older leaves (Wittwer 
and Teubner, 1959). Davis (1970) demonstrated that the number of wax 
crystals per unit area was greater on the upper leaf surfaces than on the 
lower leaf surfaces of many higher plants. Since the wetting of leaf 
surfaces is influenced by the properties of leaf surface wax, differences 
in absorption would be expected. 
Absorbed foliar-applied urea is hydrolyzed by the enzyme urease, yield-
ing ammonia and carbon dioxide. Reaction of the released ammonia with 
alpha-ketoglutarate is one possible route for assimilation of urea-N by 
plants (Webster et al., 1955). Another possible path is the condensation 
of intact urea with ornithine forming the amino acid arginine (Devlin, 
1975). Urea hydrolysis, not absorption, is the rate-limiting factor for 
glutamine and asparagine synthesis in bean (Phaseolus vulgaris) leaves. 
Application of urea to bean leaves resulted in increased amino acid and 
protein content of the sprayed bean leaves (Webster et al., 1955). 
Injury to plants following foliar applications of urea have been reported 
(Foy et al., 1953; Hinsvark et al., 1953; and Jones et al., 1962). Additions 
of sucrose to urea solutions applied to tomato foliage reduced injury from 
spraying (Emmert and Klinker, 1950). A reduction in urea absorption 
occurred when the spray solutions contained sucrose (Volk and Mc-
Auliffe, 1954). Wittwer and Teuber (1959) determined that sucrose re-
duced foliar injury from urea spray solutions by decreasing the rate of 
urea uptake and not by its effect on urease activity. 
Jones et al. (1962) found that 3 percent N solutions of urea containing 
1 to 2 percent biuret applied to cotton plants did not produce injury. 
Applications of urea containing 3 percent or more biuret produced dieback 
and yellowing of pineapple foliage (Stanford et al., 1954). Biuret appears 
to inhibit protein synthesis in plants. The inhibition of protein syn~esis 
is greater for a mixture of urea and biuret than for biuret alone (Webster 
et al., 1957). 
Jones et al. (1962) reported decreased cotton yields at five locations 
in Mississippi for treatments receiving foliar applications of urea com-
pared with treatments receiving equivalent amount of supplemental N as 
side-dressed ammonium nitrate. At three locations in the study, Black 
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Belt, Ponototoc Ridge and the North Mississippi Branch Station, an 
increase of 150 pounds per acre of seedcotton resulted from weekly foliar 
applications of a 3 percent N-urea solution . Supplemental applications 
of N were made for 5 or 6 weeks during the fruiting period, usually 
beginning the first week of July. Foliar applications of solutions con-
taining 3 percent N as ammonium nitrate, 3 percent N as a urea-am-
monium nitrate mixture, and 6 percent N as urea caused some burning 
of the foliage . The authors concluded that foliar-urea applications should 
not be applied just to guard against a N deficiency because of the pos-
sibility of yield reduction. 
Foliar fertilization has proven beneficial for correcting specific nutri-
tional deficiencies requiring applications of small amounts of a particular 
nutrient (Wittwer et al., 1963). It provides a means of applying small 
quanities of plant nutrients directly to plant foliage. Its usefulness in 
preventing nutrient depletion of leaves is not well documented. 
Tissue Analysis 
Emmert (1934) suggested that plant tissue analysis could aid in the 
determination of soil nutrient-supplying capacity. His research demon-
strated that the content of N and P in the conducting tissue of tomato and 
lettuce plants correspond well with the productivity of the soils. Scarseth 
(1941) also discussed the value of plant analysis in the determination of 
nutrient availability of a given soil. He believed that fertilizer recom-
mendations based solely on a single soil test were not always adequate 
because of the long continuous absorption of nutrients by plants from 
their rooting medium. He suggested that if the results from tissue tests 
were associated with fertilizer treatments on a particular soil, then this 
information could be used to aid in establishing future fertility programs 
on that soil. However, the soil nutrient-supplying capacity is just one 
factor determining the concentration of a particular nutrient in plant tissue 
(Ulrich, 1943). 
The concentration of any plant nutrient measured in a particular plant 
part or in the whole plant is a function of numerous soil-plant-environment 
factors. The analysis of whole plants may not always be sensitive enough 
to detect many small changes in plant nutrient content that can result 
from changes in environment (Thomas , 1937). These factors must be 
recognized when analyzing the results of plant tissue tests (Ulrich, 1942). 
Differences have been shown to exist in the concentration of mineral 
elements and organic constituents in different tissues of the cotton plant 
(Wadleigh, 1944). ~s work de~onstrated that the leaves of cotton plants 
had a higher proportlon of protem than stems and branches , and stems 
and branches contained a much higher proportion of soluble N, organic-
N, and N03 - N than leaves . 
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In addition to the plant part and nutrient supply, the physiological age 
of a given tissue determines to a large extent the tissue's mineral content 
(Smith, 1962). Most plant nutrients have a characteristic content that is 
affected by age. 
The nitrogen content during early growth of cotton is highest in leaf 
tissues, but it is found mainly in the developing fruit as the plant nears 
maturity. The N content of leaves of fertilized cotton decreased from 
more than 4 percent N during early season to less than 3 percent N as 
the plants neared maturity (Bassett et al., 1970). 
Emmert (1934) and Ulrich (1942) have shown that the conducting tissue 
of some plants may be analyzed to aid in determining the nutrient-sup-
plying ability of soils and the nutritional status of plants. The N03 - N 
concentration of petioles from the most recently matured leaves of grapes 
and sugarbeets indicated the N status of these plants better than a deter-
mination of the total N, total soluble N, or total insoluble N (Ulrich, 
1942). 
In similar work with cotton, Joham (1951) found that the soluble 
nutrient elements of the petioles of the third or fourth mainstem leaves 
from the plant apex were good indicators of the nutrient status of the 
cotton plant. A significant positive relationship was found between the 
concentration of nutrient elements in those petioles and the amount of 
elements in the growing medium. Nitrate-Nin the petioles decreased in 
concentration with increasing distance of petioles from the plant apex. 
A change in the N content of the growing medium affected the N03 - N 
content in petioles to a greater extent than it did the NOrN content in 
the upper,middle, and lower main stem sections or leaves . Joham (1951) 
concluded that the N03 - N content of petioles of the third or fourth 
leaves from the plant apex best reflected the N status of cotton plants. 
An inverse relationship was shown to exist between petiole N03 - N 
and petiole P. Petioles from cotton plants grown in media containing low 
N levels were shown to contain high levels of P (Joham, 1951). Emmert 
(1934), working with tomato and lettuce conducting tissue, found that a 
N deficiency in these plants was accompanied by an accumulation of P 
in the conducting tissues. Maples et al . (1977) used the relationship 
between petiole N03 - N and petiole P to distinguish between a decrease 
in petiole N caused by limited N availability and that caused by inadequate 
available water. It was speculated that when a N deficiency occurs, P 
levels will increase when soil water is adequate and decrease when soil 
water is deficient. 
Burhan and Babikir (1968) used petiole N03 - N analysis and total N 
analysis of cotton petioles, stems, and leaves in their studies. Negligible 
differences were found to exist in total-N betwewen N treatments or dates 
of sampling. However, differences in petiole NOrN were found between 
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N treatments and dates of sampling. Since the age and plant part influence 
the nutrient content of plant tissue, it was evident that the plant part 
analyzed should vary with the crop and intended use of the analysis. 
MacKenzie et al. (1963), Baker (1966), Gardner and Tucker (1967), 
and Burhan and Babikir (1968) investigated petiole N03 -N analysis as 
a method of determining the N status of cotton plants and the relationship 
between this measurement and yield. The petioles analyzed were the 
petioles of the third or fourth fully expanded leaves from the plant apex 
as suggesed by Joham (1951). 
Research has shown that petiole N03 - N levels in cotton are typically 
highest early in the growing season and decline as the season progresses. 
The rate of decline in petiole N03 - N is most rapid early in the growing 
season. Additions of N to soils low in N resulted in increased petiole 
N03 - N levels of cotton plants . The increase in petiole N03 - N was less 
if the original N03 - N level of the plants was high (MacKenzie et al., 
1963). 
In studies by MacKenzie et al . (1963), Gardner and Tucker (1967), 
and Burhan and Babikir (1968), a positive relationship was shown to 
exist between petiole N03 - N concentration and yield when yield was 
affected by applied N. The strongest relationship was shown to exist for 
samplings between square stage and early flowering stage of plant de-
velopment. This relationship existed only when differennces in yield and 
N03 - N concentration in petioles due to N fertilization occurred. Yields 
were determined at the end of the growing season when petiole N03 - N 
concentration was low. At harvest, the relationship between these two 
measurements was weak or non-existent. 
Adequate petiole N03 - N values have been proposed for different 
growing regions and for specific stages of plant development. Baker 
(1966) suggested petiole N03 - N levels of 4,000 to 6,000 parts per 
million (ppm) for cotton plants sampled at the mid-square to first-bloom 
stages of growth and not lower than 1,500 to 2,000 ppm by early Sep-
tember would be adequate for May-planted cotton under Oklahoma con-
ditions. Under Arizona conditions, petiole NOr N values of 15,000 to 
18,000 ppm at first square, 12,000 to 14,000 ppm at first flowers, 6,000 
to 10,000 at first bolls, and 4,000 at first open bolls were proposed by 
Tucker (1965). 
The lower levels at each stage of plant development were suggested 
for Acala varieties while the higher levels were suggested for humid 
region varieties. MacKenzie et al. (1963) and Tucker (1965) proposed 
that at a given stage of development, humid region varieties should contain 
slightly higher levels of petiole N03 - N than Acala varieties. MacKenzie 
et al. (1963) found that Deltapine varieties had the highest petiole N03 - N 
levels while Acala varieties had the lowest levels at all sampling dates. 
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The more indeterminant Acala varieties had the greatest vegetative pro-
duction while Deltapine varieties had the lowest vegetative production. 
These differences in petiole N03 - N between varieties were explained 
as a dilution effect because total-N uptake was equal in all varieties . The 
cotton varieties were at similar stages of development at each sampling 
and the differences in petiole N03 - N were assumed to be varietal affects. 
Reduction in yield of cotton was shown to be correlated with the number 
of days petiole N03 - N remained below a certain threshold level in studies 
by MacKenzie et al. (1963) and Burhan and Babikir (1968) . Under con-
ditions in those studies, the threshold level was found to be 2,000 ppm 
N03 -Nin cotton petioles. 
Petioles N03 - N analysis has been used to indicate N deficiencies 2 
weeks before visual symptoms appear in the irrigated regions of the 
southwestern United States. In two peak flowering areas, yield reductions 
have been avoided by supplemental N applications. In one peak flowering 
area, N applications sometimes prevent further yield reductions . 
Careful interpretation of petiole N03 - N analysis and the factors which 
influence this measurement are prerequisites to its proper use. Evidence 
of this is that lower levels of petiole N03 - N than those suggested for 
Arizona conditions are adequate when cotton follows alfalfa (Tucker, 
1965). 
Soil Analysis 
Responses to N fertilization have been shown on most soils planted to 
cotton. Larger increases have occurred from applications of N fertilizer 
than any other nutrient element (Tucker and Tucker, 1968). Like any 
plant nutrient, the difficulties in predicting the N needs of a crop would 
be greatly reduced if it were possible to determine the exact quantity of 
N that would become available during the growing season (Emmert, 
1934). Predictions of this kind are complicated by the fact that soil N is 
found in two forms: N complexed in organic compounds and inorganic 
N. 
The major portion of the N in most soils is present as organic N, which 
for the most part is not available to plants. Through decomposition of 
organic matter by microbial action and conversion to inorganic forms , 
organic N becomes available (Dahnke and Vasey, 1973). The rate of 
transformation from organic N to inorganic forms is influenced by nu-
merous soil factors, e.g., aeration, moisture, soil reaction and tempera-
ture. Once the organic form is changed to the mineral form, mineral N 
is subject to numerous fates, e.g., denitrification, fixation by clay min-
erals, immobilization, leaching, and plant uptake. These factors tend to 
complicate the interpretation of soil N tests. 
Soil N taken up by plants is derived from either the fraction of mineral 
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N present at planting or that fraction of organic N mineralized during the 
period of plant growth (Stanford et al., 1973). Many researchers have 
measured different fractions and forms of soil N in studies of N availability 
(Olson et al., 1960; Smith, 1966; Stanford and Legg, 1969; and Hip et 
al., 1973). 
Olsen et al. (1960) found that a laboratory measurement of N miner-
alization was more highly correlated with the yield of wheat than was a 
measure of total N. Work by Stanford and Legg ( 1968) indicated that 
the accuracy of N mineralization tests were increased when the initial 
mineral soil N was taken into consideration. A significant positive cor-
relation between laboratory-measured N mineralization (including initial 
mineral N) and N uptake by orchardgrass was found by Smith (1966). 
Low correlation coefficients were found in the study between N uptake 
by orchardgrass and soil organic matter or total-N. Soil N03 - N and N 
uptake were most highly correlated. 
Ludwick et al. (1976) found significant amounts of soil N03 - N ac-
cumulations in some irrigated soil profiles in Eastern Colorado, even 
when fertilizer-N was appliled at rates lower than those required for 
maximum yield. The residual soil nitrates tended to increase with in-
creasing rates of applied-N. The quantity of residual soil nitrates is largely 
deterrnined by soil conditions, climate, and management (White et al., 
1958). 
Gambrell et al. (1975) have found some small increases in N03 -N 
in soil profiles of plots receiving ammonium nitrate for 3 years compared 
with plots receiving no N. The Cape Fear (Typic Umbraquult) soil was 
saturated to the 12-inch depth at various times between December 1973 
and March 1974. Soil N03 - N concentration approached zero at a depth 
of 6 feet, and evidence indicated that residual N03 - N was reduced as 
it moved downward in the soil profile. 
Research has demonstrated that as the clay content within the control 
section of soils increased, the N03 - N concentration below the profile 
decreased. This effect was believed to be due to decreases in the volume 
of water moving through the profile and the resulting influence of nitri-
fication and denitrification (Lund et al ., 1974). 
Hipp and Gerard (1973) found differences in the depth of N03 - N 
accumulation in a Hurlingen clay soil after cotton and sorghum. Nitrate-
N accumulated at the 24- to 48-inch depth in cotton plots and at the 48-
to 72-inch depth in sorghum plots . Higher water infiltration rates were 
found on plots after sorghum than after cotton. The authors indicated that 
the higher infiltration rate on sorghum plots enhanced leaching in these 
plots and resulted in N03 - N accumulation at a lower depth. 
Residual N03 - N analysis in soils has been used as an aid in developing 
N fertilization programs (Spencer et al. , 1966; Gardner and Tucker, 
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19657; Reuss and Rao, 1971 ; and Maples et al. , 1977). In a study by 
Spencer et al . (1966) , the soil N03 - N content (zero to 6 inches) at 
planting time was found to be the best measure of available soil-N in 
plots seeded to cotton and receiving no fertilizer-N. This measurement 
was more highly correlated with N uptake than was a measure of mi-
neralized-N or total-N under the conditions in this study. Maples and 
Frizzel (1985) indicated that residual soil profile N03 - N levels could 
be effectively used to modify preplant and early sidedress applications 
of fertilizer-N under Arkansas conditions. 
Gardner and Tucker (1967) have used N03 - N analysis to aid in pre-
dicting the early N needs of cotton on irrigated desert soils in Arizona. 
A significant positive relationship was found to exist between soil-N 
content after preplant irrigation and yield of seed cotton on unfertilized 
plots. Soil samples were taken from the side of the bed to a depth of 10 
inches. The authors indicated that the results from soil N03 - N analysis 
could not be used to predict the rate of N needed and that interpretation 
of the tests should take into account the factors which may influence 
N03 - N concentration in soils . _ 
The N03 - N content of the upper 1 foot of a Nunn clay loam soil has 
been shown to reflect the N03 - N content to a depth of 60 inches (Reuss 
and Rao, 1971). This measurement was also found to be closely correlated 
with yield and quality ·of a subsequent beet crop. In contrast, Maples et 
al. (1977) found a rather weak relationship between cotton yield and 
N03 - N in the upper 18 inches of soil sampled before planting. Corre-
lation coefficients of .675 or greater were found , however, between 
N03 - N and yield of cotton for the samples taken from the 30- to 73-
inch depth . An accumulation of N03 -N was found in the Loring and 
Calloway silt loam soils where 100 and 150 pounds of N were applied 
the previous three growing seasons. The greatest accumulation ofN03 - N 
was found near the surface of the fragipan. 
Materials and Methods 
Research was conducted at three locations on three soils commonly 
planted to cotton in Louisiana. At each location, recommended cultural 
practices were followed . The experimental design at each location was 
a randomized block replicated four times . Plant and soil materials were 
transported to the Department of Agronomy in Baton Rouge for chemical 
analyses. 
The experiments were initiated in 1976. Treatments consisted of pre-
plant N applications of ammonium nitrate (NH4N03) at two locations and 
anhydrous ammonia (NH3) at the Red River location, plus supplemental 
N applications as soil applied NH4N03 or foliarly applied urea, in com-
bination with zero, 30, and 60 pounds per acre of preplant N at each 
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location. Both the side dressed NH4N03 and foliarly applied urea were 
applied at 15 pounds of N per acre at each application. The urea solutions 
were mixed to deliver the 15 pounds of N per acre in 10 gallons of water 
at the Northeast and Macon Ridge Stations and in 12 gallons of water at 
the Red River Research Station. Solutions were appliled with high-clear-
ance ground-driven sprayers fitted with two X-6 hollow cone spray tips 
per row. Row width was 40 inches at all locations. Yield was measured 
as pounds of seedcotton per acre in two pickings. 
Plant Samples 
Approximately 25 to 30 petioles of the most recent, fully developed 
leaves were collected weekly from each plot during each year beginning 
approximately at first bloom. Samples were collected for at least 8 weeks 
each year with the sampling period from late June to early September. 
Petioles were dried in a forced-air oven at 60°C and ground in a Wiley 
mill to pass a 20-mesh screen. 
Soil Samples 
Three to five soil cores from each plot were removed in 6-inch incre-
ments to a depth of 18 inches prior to N fertilization each year. Soil 
profile samples were collected from plots receiving zero and 120 pounds 
per acre of N in each study prior to preplant treatments each year. Soil 
samples were air-dried and ground in a Braun pulverizer to pass a 2-
millimeter sieve prior to N03 - N analysis . 
Nitrate-nitrogen analysis 
Petiole and soil N03 - N concentrations were determined using the 
procedure proposed by Barker (1974). Nitrate-N in plant material was 
extracted using 100 milliliter (ml) of distilled water and .25 gram (g) of 
dried, ground petioles. An Orion double junction reference electrode, 
Model 90-02, filled with .25 M Na2S04 solution was used when deter-
mining petiole N03 - N. Soil N03 - N was extracted using 50 milliliters 
of distilled water and 10 g of air dried, ground soil. An Orion single 
junction reference electrode, Model 90-01, filled with .01 M KCl solution 
saturated with AgCl was used when determining soil No3 - N. Nitrate-N 
concentration was expressed as micrograms of N03 - N per gram (ppm) 
of dry soil or plant material. 
Postplant Nitrogen Applications 
Postplant N applications were made when petiole N03 - N concentra-
tions dropped to 5,000 ppm or less in 1976 and 1977 or to 10,000 ppm 
or less in 1978, 1979, and 1980. 
14 
Statistical Analyses 
Statistical analyses were conducted with the aid of the Department of 
Experimental Statistics. Analysis of variance procedures were used to 
analyze the annual data and the 5-year accumulation of data at each 
location. 
Pertinent information regarding plot size, soil type, pH, extractable P 
and Kand organic matter content, cotton varieties, and planting dates is 
presented in Table 1. The number of days and the accumulated heat units 
(DD-60's) between planting and sampling are also presented to indicate 
the approximate stage of physiological development of the cotton when 
petiole sampling was initiated each year at each location. 
Results and Discussion 
Macon Ridge Branch Station 
A. Effects of preplant N fertilization on seedcotton yields and on petiole 
N03-N concentrations. 
Table 2 contains annual yields of seedcotton as influenced by all N 
applications during the 5 years of this experiment. Effects of preplant N 
on seedcotton yields and N03 - N concentrations are shown graphically 
in Figures 1 through 7. 
In 1976 yields increased from 1, 754 pounds per acre at the zero N 
level to 2,356 pounds per acre where 120 pounds per acre of preplant N 
was applied. There were no statistically significant differences due to N 
applications, although there was a trend toward higher yields with in-
creasing rates of preplant N, especially up to the 60-pound rate. As shown 
in Figure 1, average N03 - N concentrations in petioles at the first sam-
pling date ranged from 1,385 ppm at the zero N rate to 9,848 ppm at the 
120-pound N rate. Petiole N03 - N levels were highly responsive to 
increasing preplant N rates up to 60 pounds per acre but further increases 
in N rate had little additional effect. Nitrate-N levels in petioles decreased 
sharply with time at all N levels until July 30 and slowly declined there-
after, although there were occasional temporary increases such as on 
August 6. Petiole N03 - N levels remained well above 2,000 ppm until 
July 30 where 60, 90, or 120 pounds per acre of N was applied, but fell 
below 2,000 ppm on July 23 at the 30-pound N rate, and were already 
below 2,000 ppm at the zero N rate on the first sampling date. The trend 
toward higher yields and the sharp increases in petiole N03 - N concen-
trations indicated that these two parameters were positively related to 
preplant N rates up to the 60-pound-per-acre level. 
In 1977 seedcotton yields increased from 2,231 pounds per acre at the 
zero N rate to 2,574 pounds per acre at the 120-pound rate of preplant 
N. As in 1976, there were no statistically significant differences due to 
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Table 1.-Location and Description of Nitrogen Fertilization studies, 1976-1 980 
location Macon Ridge Branch Northeast Red River 
Station, Winnsboro Research Station, Research Station, 
St . Joseph Bossier City 
Plot Size 8 row plots 8 row plots 8 row plots 
50 feet long 50 feet long 100 feet long 
2 rows harvested 4 rows harvested 4 rows harvested 
for yield for yield for yield 
Number of 
Treatments 11 11 11 
Soil Type and Grenada silt loam Commerce very Norwood very 
Classification T ypic Fragiudalf: fine sandy loam fine sandy loam 
fine-silty, mixed, Aerie Fluvaquent: Typic Udifluvent: 
thermic Fine-silty, mixed, fine-silty, mixed 
non-acid, thermic calcareous, 
thermic 
1976 Soil Test' 
Extractable P 174ppm 182 ppm 136 ppm 
Exchangeable K 143 ppm 101 ppm 81 ppm 
pH 6.2 6.4 7.3 
Organic Matter 0 .8% 0.38% 0.51% 
Variety Stoneville 213 Deltapine 16 Deltapine 61 
Planting Date 5121/76, 5t9m 5151761 5t9m 4122116, 4122m 
5115178, 5111179 4/27/78, 4127179 4/20/78, 4126179 
5113180 5113180 4/15180 
Irrigation Yes No No 
First sampling 1116176, 613om, 7115176, 6123m, 6130176, 6123m, 
date 6130178, 716179 6123178, 716179 6122178, 715179, 
and 7111 /80 and 713180 and 718180 
Days between 57, 53, 47, 57 71, 46, 58, 71 69, 62, 63, 70 
planting and and 60 and 51 and 84 
sampling, 1976-
1980 
DD-60's between 950, 1042, 906 1045, 861, 880, 760, 933, 870, 
planting and 955 and 1199 1089 and 989 973 and 1294 
sampling, 1976-
1980 
'Soil tests conducted by the Louisiana Agricultural Experiment Station Soil Testing Laboratory. 
preplant N applications, but there was a trend toward higher yields as N 
rates increased to the 60-pound level. Figure 2 shows that average petiole 
N03 - N concentrations increased with increasing rates of preplant N, 
especially up to the 60-pound rate. At the first sampling date, N03 - N 
levels ranged from 4,060 ppm at the zero N rate to 12,650 ppm at the 
90-pound N rate. Again , N03 - N levels were not greatly affected at N 
rates above 60 pounds per acre. The decline in N03 - N concentrations 
as the season progressed was more gradual than in 1976. The zero- and 




Table 2.-Effects of nitrogen fertilization on seedcotton yields at the Macon Ridge Branch Station, 1976-1980 
Nitrogen rote Seedcotton yield 
(lb N/A) (lb/A) 
Preplont Postplont1 19762 19n3" 1978"5 19792•6 198()4.7 Average' 
0 1,754 2,231 d 2,104 c 2,378 1,725 c 2,038 c 
30 2,124 2,369 cd 2,339 be 2,561 2, 182 be 2,315 b 
60 2,291 2,509 abed 2,653 ob 2,640 2,587 ob 2,536 ob 
90 2,280 2,558 abed 2,672 a 2,587 2,914 a 2,601 a 
120 2,356 2,574 abed 2,418 be 2,901 3,071 0 2,664 a 
0 30 (U) 1,878 (30)1 2,254 cd (45)' 2, 137 c 2,391 2,087 c 2, 194 be 
0 30 (AN) 1,n8(45) 2,444 bed (45) 2,280 c 2,653 2,091 c 2,249 b 
30 30 (U) 2,196 (15) 2,783 ob (30) 2,503 ob 2,797 2,849 a 2,626 a 
30 30 (AN) 2,372 (30) 2,875 a (30) 2,587 ob 2,no 3,097 a 2,740 a 
60 30 (U) 1,849 (15) 2,712 abed (15) 2,810 a 2,927 2,875 a 2,635 a 
60 30 (AN) 1,990 (30) 2,457 bed (15) 2,496 ob 2,718 2,862 a 2,505 a 
1Postplont N was applied twice as foliar urea (U) or as ammonium nitrate (AN) applied to the soil surface in 15 pounds per acre increments, except in 1976 when all 
postplont N was foliorly applied in 15 pounds per acre increments as urea . Postplont N rotes for 1976 and 1977 ore shown in parenthesis . 
'There were no statistically significant differences in yields at the 0 .05 level of probability according to Duncan's Multiple Range Test. 
3Postplont N was applied on 7/15, 7/27, and 8/12; 8/4 and 8/12; and 8/12 at the zero, 30, and 60 pounds per acre preplont N rotes, respectively. 
'Treatment means with a letter in common ore not significantly different at the 0.05 level of probability according to Duncan's Multiple Range Test. 
5Postplont N was applied on 7/27 and 8/10. 
6Postplont N was applied on 7/24 and 8/7. 
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Figure 1.-EtJect of rates of preplant nitrogen on N03 - N concentrations in leaf 
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Figure 2.-Effect of rates of preplant nitrogen on N03 - N concentrations in leaf 
petioles and seedcotton yields at the Macon Ridge Station, 1977. 
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and August 4, respectively, while concentrations at the higher N rates 
stayed above 2,000 ppm through the last sample date. These data again 
reflect positive relationships among seedcotton yields, petiole N03 - N 
concentrations, and the zero-, 30-, and 60-pound rates of preplant N. 
In 1978, yields increased continuously as preplant N rates increased 
to 90 pounds per acre then significantly decreased at the 120-pound N 
rate. Seedcotton yield at the 60-pound N rate was significantly higher 
than that of the control plots but not significantly different from yields 
at either 30 or 90 pounds of N per acre. Greatest yield increases occurred 
between the zero- and 30- and between the 30- and 60-pound N rates. 
Figure 3 shows that average petiole N03 - N concentrations at the first 
sample date increased from 5 ,222 ppm with no N applied to 9 ,494 ppm 
with 90 pounds of N per acre applied. Concentrations at the 30- and 60-
pound N rates were closer in magnitude than in other years, while con-
centrations at the 90- and 120-pound N rates were nearly the same through-
out the season. Petiole N03 - N levels at all N rates declined with time, 
but levels in cotton receiving zero and 30 pounds per acre of N fell below 
2,000 ppm much earlier than those in cotton receiving higher N rates. 
The 1978 data again show positive relationships among seedcotton yields, 
petiole N03 - N concentrations, and preplant N rates up to 60 pounds 
per acre . 
In 1979 yields ranged from 2,378 pounds per acre at the zero N rate 
of preplant N to about 2,900 pounds per acre at the 120-pound rate. There 
were no statistically significant differences due to any N levels, but there 
was a trend to higher yields as N rates increased. Yields at the 30-, 60-
and 90-pound N rates were very similar and averaged 218 pounds more 
than the yield of the check plots and 305 pounds less than the yield at 
120 pounds of N per acre . As Figure 4 indicates, petiole N03 - N con-
centrations increased with each increase in preplant N. Average concen-
trations ranged from 1,836 ppm at the zero N rate to 17 ,333 ppm at the 
120-pound N rate at the first sample date. Concentrations declined rapidly 
with time, falling below l ,000 ppm at the zero and 30-pound N rates by 
July 19 and at the 60-pound N rate by July 26. It is interesting that 
N03 - N levels at the 120-pound N rate remained well above levels at 
other N rates after July 13 and that the yield at that N rate was somewhat 
higher than at other rates. The relationships among yields, petiole N03 - N 
concentrations, and preplant N rates were generally positive, except that 
yields declined somewhat at the 90-pound N rate. 
In 1980 yields increased consistently from 1, 725 per acre at the zero 
N rate to 3,071 pounds per acre at the 120-pound N rate . Yield at the 
60-pound N rate was significantly higher than at the zero N rate, but not 
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Figure 3.-EtTect of rates of preplant nitrogen on NO, - N concentrations in leaf 
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Figure 4.-Eft'ect of rates of preplant nitrogen on N03 - N concentratons in leaf 
petioles and seedcotton yields at the Macon Ridge Station, 1979. 
22 
rates. Figure 5 shows that average petiole N03 - N concentrations in-
creased from 2,617 ppm to 8,386 ppm at the first sample date as preplant 
N rates increased from zero to 120 pounds per acre. As in previous years 
the concentrations increased most markedly as N rates increased to 60 
pounds per acre. The concentrations again declined rapidly with time, 
being near or below 2,000 ppm at the zero-, 30-, 60-, and 90-pound N 
rates on July 18, July 30, August 6, and August 6, respectively. The 
relationships among seedcotton yields, petiole N03 - N concentrations, 
and preplant N rates were generally positive, showing strongest relation-
ships at N rates up to 60 pounds per acre . 
The 5-year average yield data show that seedcotton yields consistently 
increased as preplant N rates increased to 120 pounds per acre. Yield at 
the 30-pound N rate was significantly higher than yield at the zero N 
rate. At the 60-pound N rate yield was not significantly different than 
yields at the 30-, 90-, or 120-pound rates, although the 90- and 120-
pound rates yielded significantly more than did the 30-pound N rate. 
During the 5 years of the experiment, yields were significantly increased 
by preplant N rates in only 2 years , 1978 and 1980. Yields were never 
significantly higher than those obtained at the 60-pound N rate, although 
there was usually a numerical increase in yield at the higher rates. The 
concentrations of N03 - N in the petioles generally responded similarly, 
increasing with increasing rates of preplant N. 
Since 60 pounds of N per acre usually optimized yields , the N03 - N 
concentrations in cotton petioles at the 60-pound N rate should indicate 
relative levels of sufficiency and those at the zero- and 30-pound rates 
should indicate relative levels of deficiency. Average N03 - N concen-
trations in leaf petioles at the zero-, 30-, and 60-pound N rates at about 
first bloom and at weekly intervals thereafter for 6 weeks are presented 
in Figure 6. Differences in the average N03 - N concentrations at the 
three N levels are very pronounced at the first sample date and for the 
next 4 weeks. Five and 6 weeks after first bloom, differences in average 
N03 - N concentrations at the three N rates were very small. These data 
indicate that as an average of the 5 years, the N03 - N concentrations in 
leaf petioles of the cotton receiving 60 pounds N per acre were about 
9,200, 5,400, 4,900, 3,000, 2,500, 1,200, and 800 ppm at about first 
bloom and c.\t 1, 2, 3, 4, 5, and 6 weeks thereafter, respectively. Con-
centrations at the zero- and 30-pound rates were several thousand ppm 
less at the first five sample dates and fell below 2,000 ppm about 1 to 3 
weeks later, compared with about 5 weeks later at the 60-pound rate. 
In Figure 7 the N03 - N concentrations in petioles of cotton receiving 
60 pounds of N per acre are shown for each of the sample dates and for 
each of the years the experiment was conducted. There were tremendous 
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Figure ~Effect of rates of preplant nitrogen on NO. - N concentrations in leaf 
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Figure 7 .-Average N03 - N concentrations in leaf petioles of cotton receiving 60 pounds of preplant nitrogen per acre at the Macon 
Ridge Station, 1976-80. 
years. This high variability eliminated the establishment of precise critical 
N03 -N levels . However, the information in Figure 7 indicates that near 
maximum yields of 2,500 pounds of seedcotton per acre on the Macon 
Ridge under irrigated conditions occurred at petiole N03 - N concentra-
tions of at least 7 ,000 ppm at about first bloom, at least 4 ,000 ppm during 
the next week, and at least 1,500 ppm by the second week after first 
·bloom. In all years except 1976, when annual yields did not reach 2,500 
pounds per acre, N03 -N concentrations were at least 3,500 ppm 2 weeks 
after first bloom. 
B. Effects of Postplant N fertilization on seedcotton yields 
Seedcotton yield responses to postplant N applied in combination with 
zero, 30, or 60 pounds of preplant N per acre are shown in Table 2. In 
1977 and 1980 there were significant yield increases due to postplant N 
applications. In those years both soil applied ammonium nitrate and fol-
iarly applied urea increased yields significantly at the 30-pound-per-acre 
rate of preplant N, but did not affect yield significantly at zero or 60 
pounds of preplant N. In 1978 and 1979 yields tended to be increased 
by postplant N applications at the 30- and 60-pound rates of preplant N, 
but differences were not significant. The same was true in 1980 at 60 
pounds per acre of preplant N. In no case did 30 pounds per acre of 
preplant N plus 30 pounds per acre of postplant N produce significantly 
higher yields than did 60 f')Unds per acre of preplant N. In 1977, 1979, 
and 1980 seedcotton yields were 150 to 500 pounds per acre higher where 
split N applications were made, but none of the differences were statis-
tically significant. Yield differences due to postplant ammonium nitrate 
applied to the soil or foliar-applied urea were not significantly different 
in any year. 
Five-year average data show that 30 pounds of postplant N applied to 
the soil as ammonium nitrate significantly increased yield where zero N 
was applied preplant. The yield was not significantly different from 30 
pounds per acre of preplant N. Postplant N significantly increased 5-year 
average yields in the presence of 30 pounds per acre of preplant N, 
whether the postplant N was foliar-applied urea or soil-applied ammonium 
nitrate. However, 30 pounds per acre of preplant N plus 30 pounds per 
acre of postplant N did not yield significantly more than 60 pounds per 
acre of preplant N. At the 60-pound rate of preplant N, average yields 
were not significantly increased by postplant N applications. 
It is apparent that 60 pounds per acre of N produced near maximum 
yields of irrigated cotton at the Macon Ridge Station. Seedcotton yields 
averaged 2,536 pounds per acre where all the N was applied preplant. 
Where half was applied preplant and half was applied postplant, there 
were non-significant yield increases of 90 pounds per acre where foliar 
urea was the postplant N source and of 204 pounds per acre where soil 
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applied ammonium nitrate was the postplant N source. The latter treatment 
produced higher yields than any other in 3 of 5 years and also produced 
the highest 5-year average yield. 
Northeast Research Station 
A. Effects of preplant N fertilization on seedcotton yields and on petiole 
N03 - N concentrations. 
The effects of N applications on annual cotton yields during 5 years 
at the Northeast Research Station are shown in Table 3. Effects of preplant 
N on seedcotton yields and on N03 - N concentrations are shown graph-
ically in Figures 8 through 14. 
In 1976 seedcotton yields increased from 2,090 pounds per acre at the 
zero N rate to 2,988 pounds per acre in the plots receiving 90 pounds 
per acre of preplant N. Yields were significantly increased with each N 
increase up to 90 pounds per acre. Average N03 - N concentrations in 
petioles at about first bloom ranged from 5 ,050 ppm where no N was 
applied to 15,550 at the 120-pound rate. Concentrations increased mark-
edly as N rates increased to 60 pounds per acre, but additional increases 
were minimal at higher N rates . As shown in Figure 8, petiole N03 - N 
levels decreased rapidly from the first through the fourth sample dates, 
then leveled off at very low levels, generally below 1,000 ppm. Con-
centrations at the zero- and 30-pound N rates were below 2,000 ppm by 
July 29, and at the other N rates by the following week. Since early 
season petiole N03 - N concentrations increased with preplant N rates 
up to 60 pounds per acre, and seedcotton yields increased with rates up 
to 90 pounds per acre, these two parameters were positively related to 
preplant N rates up to 60 pounds per acre. 
In 1977 seedcotton yields increased from 1, 722 pounds per acre in the 
control plots to 3, 156 pounds per acre at the 120-pound N rate. Significant 
yield increases did not occur at N rates above 60 pounds per acre, but 
did occur among the zero-, 30-, and 60-pound N rates . Average N03- N 
concentrations in petioles (Figure 9) at the first sample date were 6,200, 
12,200, 15,200, 14,800, and 15,600 at zero , 30, 60, 90, and 120 pounds 
of preplant N per acre, respectively . These initial levels were similar to 
those in 1976, except at the 30-pound N rate where levels were consid-
erably higher in 1977. Nitrate-N levels at all N rates declined sharply 
through July 7, increased on July 14, especially at the 90- and 120-pound 
N rates, then gradually declined thereafter. The temporary increase was 
likely related to the 1.37 inches of rainfall on July 10 and 11. As in 1976, 
the zero- and 30-pound N rates produced lowest peiole N03 - N concen-
trations at all sample dates. Differences at the 60-, 90- , and 120-pound 


























1976'" 1977" ' 
2,090 f 1,722 e 
2,402 de 2,286 cd 
2,750 be 2,828 ob 
2,988 a 2,972 a 
2,890 ob 3,156 a 
2,272 f (15) 1,869 e 
2,310 e (15) 1,983 de 
2,439 cde (0) 2,552 be 
2,580 cde (15) 2,601 be 
2,891 ob (0) 3,050 a 
2,800 ob (15) 2,998 a 
Seedcotton yield 
(lb/A) 
'1978"5 19792, 6 1980'·7 Average' 
2,050 e 1,843 d 1,206 9 1,840 f 
2,445 cd 2,666 c 1,810 de 2,368 d 
3,058 ob 3,489 ob 2, 195 be 2,872 bed 
3,025 ob 3,476 ob 2,372 obe 2,960 ob 
3,067 ob 3,476 ob 2,483 ob 2,990 ob 
2,267 cd 2,875 c 1,605 ef 2,251 de 
2,240 d 2,614 c 1,843 fg 2,162 e 
2,890 ob 3,450 ob 2, 173 be 2,762 c 
2,872 ob 3,280 b 2,097cd 2,732 c 
3,212 a 3,633 a 2,535 a 3,082 a 
2,986 ob 3,646 a 2,300 obe 2,934 ob 
1Postplont N was applied twice as foliar urea (U) or as ammonium nitrate (AN) applied to the soil in 15 pounds per acre increments, except in 1976 and 1977 when 
all postplont N was foliorly applied in 15 pounds per acre increments as urea . Postplont N rotes for 1976 ore shown in parenthesis as they were different than in other 
years. 
'Treatment means with a letter in common .. ore not statistically different at the 0.05 level of probability according to Duncan's Multiple Range Test. 
3Postplont N was applied on 7/29, 9/2, and 9/2 in the 0, 30, and 60 lb N/A treatments, respectively. 
'Postplont N was applied on 7127 and 8/11 . 
5Postplont N was applied on 6/30 and 7/13 at the zero rote of preplont N and on 7/13 and 7/27 at the other preplont N rotes. 
6Postplont N was applied on 8/1 and 8/5, 8/9 and 8/23, and 8/16 and 8/30 at the zero, 30, and 60 pounds per acre rotes of preplont N. 
7Postplont N was applied on 8/5 and 9/19. 
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Figure 8.-Effect of rates of preplant nitrogen on NO_,-N concentrations in leaf 
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Figure 9.-Effect of rates of preplant nitrogen on N03 - N concentrations in leaf 
petioles and seedcotton yields at the Northeast Research Station, 1977. 
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Seedcotton yields and petiole N03 - N concentrations in early season both 
increased with preplant N application rates up to 60 pounds per acre. 
In 1978 seedcotton yields increased from 2,050 pounds per acre in the 
control plots to 3,067 pounds per acre in plots receiving 120 pounds of 
preplant N per acre . Significant yield differences were noted among the 
zero-, 30-, and 60-pound N rates. Average N03 - N concentrations in 
petioles were similar to those in 1976 (Figure 10). Nitrate-N concentra-
tions increased as N rates increased but differences were greatest between 
the zero- and 30- and between the 30- and 60-pound rates . Concentrations J 
declined rapidly with time, dropping below 2,000 ppm on June 30, July · 
7, and July 14 at the zero-, 30-, and 60-pound N rates, respectively. 
Seedcotton yields and early season petiole N03 - N concentrations were 
positively related to preplant N rates up to 60 pounds per acre. 
In 1979 seedcotton yields increased from 1,843 pounds per acre of the 
zero N rate to 3,489 pounds per acre in plots receiving 60 pounds of 
preplant N per acre. Yield increases among the zero-, 30-, and 60-pound 
N rates were significant but higher N rates did not increase yields . Figure 
11 indicates that differences in petiole N03 - N concentrations due to 
preplant N rates were smaller and the levels declined more slowly than 
in other years . However, with the exception of the zero N rate on July 
13, trends were similar to those in other years , i.e., N03 - N concentra-
tions increased with preplant N rates up to 60 pounds per acre but steadily 
declined as the season progressed. Concentrations fell below 2,000 ppm 
on August 2 at the zero N rate and on August 9 at the 30- and 60-pound 
N rates. The lower concentrations and slower rates of decline occurred 
in association with higher than normal rainfall in July, 7 .11 inches com-
pared with the long term average of 4.53 inches . 
In 1980 seedcotton yields increased from 1,206 pounds per acre at the 
zero N rate to 2,483 pounds per acre in plots receiving 120 pounds per 
acre of preplant N, but increases were not significantly different at N 
rates greater than 60 pounds per acre. The low yields were attributed to 
below normal rainfall in the summer of 1980. Petiole N03 - N concen-
trations in the early season were much lower and declined more rapidly 
than in previous years . Rainfall during the sample period was less than 
normal and termperatures were above average. Nitrate-N concentrations 
shown in Figure 12 increased as preplant N rates increased, with the 
greatest increase occurring at the 60-pound N rate. Concentrations at the 
zero- and 30-pound N rates were lower than those in previous years . 
Early season petiole N03 - N concentrations were positively related to 
seedcotton yields at all rates of preplant N, although yields increased 
significantly only to 60 pounds of N per acre. 
During the 5 years this experiment was conducted at the Northeast 
Research Station, both average seedcotton yields and petiole N03 - N 
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Figure 10.-Effect of rates of preplant nitrogen on N03 - N concentrations in leaf 
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Figure 11.-Effect of rates of preplant nitrogen on NO, - N concentrations in leaf 
petioles and seedcotton yields at the Northeast Research Station, 1979. 
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Figure 12.-Effect of rates of preplant nitrogen on NO, - N concentrations in leaf 
petioles and seedcotton yields at the Northeast Research Station, 1980. 
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were increased from zero to 120 pounds per acre. Increases were greatest 
at N rates up to 60 pounds per acre. Differences in yields and N03 - N 
concentrations between 60 and 90 and between 90 and 120 pounds of N 
per acre were much lower. In 4 of the 5 years there were no significant 
increases in yields at N rates greater than 60 pounds per acre . In 1976 
maximum yields occurred at 90 pounds of N per acre. The pronounced 
increases in seedcotton yields and petiole N03 - N concentrations as pre-
plant N rates increased from zero to 30 and from 30 to 60 pounds per 
acre agree with results from the Macon Ridge Station. 
Since 60 pounds of N per acre usually optimized yields , the petiole 
N03 - N concentrations at the 60-pound rate should represent relative 
levels of sufficiency and those at the zero- and 30-pound N rates should 
represent relative levels of deficiency. The average petiole N03 - N con-
centrations at zero, 30, and 60 pounds of preplant N per acre are shown 
in Figure 13. Differences in concentrations were greatest at about first 
bloom and decreased with time as concentrations declined through the 
season. The N03 - N concentrations at the 60-pound N rate were about 
12,000 at first bloom and declined to 6,000, 3,000, 2,100, 1,600, 900, 
and 500 ppm at 1, 2, 3, 4, 5, and 6 weeks thereafter, respectively. 
Concentrations at the zero- and 30-pound N rates fell below 2,000 ppm 
2 weeks after first bloom and a week earlier than at the 60-pound rate. 
Similar trends occurred at this site and at the Macon Ridge Station, but 
there were two distinct differences; average N03 - N concentrations at 
first sampling were somewhat higher at the Northeast Research Station, 
and the rate of decline was much faster at the Northeast Station. 
The petiole N03 - N concentrations at the 60-pound N rate at each 
sample date and for each of the 5 years are shown in Figure 14. There 
were tremendous variations in the N03 - N concentration at most sample 
dates in different years . As might be expected the variation was even 
greater at the Northeast Station than at Macon Ridge where the experi-
ments were conducted using irrigation to maintain soil moisture at a more 
optimum, uniform level. As previously mentioned this tremendous var-
iation among years eliminated the establishment of precise critical 
NOJ - N concentrations in leaf petioles during early fruit set. However, 
if 1980 data are excluded, when petiole N03 - N levels and yields were 
low, the remaining data indicated that near-maximum yields of 3 ,030 
pounds per acre were produced at petiole N03 - N concentrations of at 
least 11, 000 ppm at about first bloom and at least 5, 000 ppm 1 week 
later. In 1980, petiole N03 - N levels were below the critical levels 
suggested for 2,500-pound yields from data at the Macon Ridge location, 
and in 1980 yields at the Northeast Station were in fact below 2,500 
pounds per acre. 
B. Effects of post-plant N fertilization on seedcotton yields . 
Seedcotton yield responses to po tplant N applied in combination with 
36 
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Figure 13.-A verage N03 - N concentrations in petioles of cotton receiving zero, 30, and 60 pounds of preplant nitrogen per acre at the 
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Figure 14.-Average N03 - N concentrations in leaf petioles of cotton receiving 60 pounds of preplant nitrogen per acre at the Northeast 
Research Station, 1976-80. 
zero, 30, or 60 pounds of preplant N per acre are shown in Table 3. 
Significant yield increases due to postplant N applications occurred in 
1978, 1979, and 1980. In 1978 and 1979 the increases occurred at zero 
and 30 pounds of preplant N per acre whether urea was applied as a foliar 
application or ammonium nitrate was applied to the soil. Yields were 
generally not increased significantly by postplant N applications where 
60 pounds of preplant N per acre was applied. However, in 1980, a very 
dry year, foliar urea applications increased yields significantly at zero, 
30, and 60 pounds of preplant N per acre, but postplant applications of 
ammonium nitrate to the soil had no significant effect on yields at any 
rate of preplant N. There were no significant yield differences between 
postplant applications of urea and ammonium nitrate, or between 60 
pounds of preplant N per acre and 60 pounds of N per acre applied. half 
preplant and half postplant. 
Five-year average data indicate that postplant N applications of foliar 
urea and soil-applit<d ammonium nitrate each significantly increased seed-
cotton yields at zero and 30 pounds of preplant N per acre. At 60 pounds 
of preplant N per acre, foliar urea applications increased average yields 
of seedcotton significantly (210 pounds per acre), but postplant appli-
cations of ammonium nitrate to the soil did not. Split applications of any 
N rate were no better than the same rate applied preplant. There were no 
significant differences due to postplant N sources. 
In this study at the Northeast Station near maximum yields occured in 
the 60- to 90-pound N per acre range. Where all N was applied preplant 
the 90-pound N rate produced higher yields than did the 60-pound N rate, 
2,960 vs. 2,872 pounds per acre, but differences were not significant. 
Where the 90-pound N rate was applied as 60 pounds preplant plus 30 
pounds as foli.ar urea, the yield (3,082 pounds per acre) was significantly 
higher than yield at the 60-pound N rate applied either preplant or in split 
applications , but not significantly higher than 90 pounds of preplant N 
per acre. 
Red River Research Station 
A. Effects of preplant nitrogen fertilization on seedcotton yields and on 
petiole N03 - N concentrations. 
The effects of N fertilization on seedcotton yields at the Red River 
Research Station are presented in Table 4 . The responses of cotton to N 
fertilization at Red River were quite different from those at Northeast 
and Macon Ridge. Significant differences in yields due to fertilizer ap-
plications occurred only in 1979. In 1976 the control plots produced 
higher yields than any N fertilzer treatment. In 1977 yields at all N rates 
were very similar and in 1978 there were non-significant yield decreases 




Table 4.-Effect of nitrogen fertilization on seedcotton yields at the Red River Research Station, 1976-80 
Nitrogen rate Seedcotton yield 
(lb/A) (lb/A) 
Preplant Postplant1 19762.' 1977'" 19783•5 19796·1 1980'·1 Average• 
0 2,664 2,935 2,075 2,517 b 2,010 2,441 c 
30 2,516 3,010 1,879 3,577 a 2,337 2,639 abe 
60 2,337 2,914 2, 157 3,366 a 2,581 2,673 ab 
90 2,174 2,829 1,716 3,202 ab 2,337 2,453 be 
120 2,336 2,891 1,536 3,072 ab 2,549 2,478 be 
0 30 (U) 2,598 (15) 2,904 2,402 2,900 ab 2,271 2,618 abe 
0 30 (AN) 2,385 2,977 2,091 2,991 ab 2,304 2,551 abe 
30 30 (U) 2,566 (15) 3,050 2,222 3,480 a 2,451 2,755 a 
30 30 (AN) 2, 173 2,900 2,076 3,268 ab 2,598 2,604 ab 
60 30 (U) 2,304 (15) 2,953 (15) 1,846 3,203 ab (15) 2,239 (15) 2,510 be 
60 30(AN) 2,091 (15) 2,916 (15) 1,977 3, 154 ab (15) 2,435 (15) 2,516 be 
'Preplant N was applied as anhydrous ammonia. Postplant N was applied as foliar urea (U) or as ammonium nitrate (AN) applied to the sail surface in 15 pounds per 
acre increments, except in 1976 and 1977 all postplant N was foliarly applied in 15 pounds per acre increments as urea . Postplant N rates are shown in parenthesis if 
other thon 30 pounds per acre was applied. 
' Urea was applied to the zero, 30, and 60 pounds per acre preplant N rates on 815, 8/27, and 8127 respectively. Ammonium nitrate was applied to the zero preplant 
N rate on 815 and 8127 and to the 30- and 60-pound preplant N rates on 8127 and 9/10. 
'There were no statistically significant differences in yields at the 0 .05 level of probability according to Tukey's test. 
'Postplant N was applied to the zero pounds per acre preplant N rate on 7/ 14 and 8116, the 30-pound preplant N rate on 7129 and 8/16, and the 60-pound preplant 
N rate on 8112. 
5Postplant N was applied on 7/ 11 and 7/26. 
6Postplant N was applied on 7124 and 8/6 at the zero rate of preplant N, on 816 and 8116 at the 30-pound rate, and on 8/16 at the 60 pounds per acre rate of 
preplant N. 
7Postplant N was appllied on 7116 and 7130 at the zero N rate, on 7130 and 8113 to the 30-pound rate, and on 8113 at the 60-pounds per acre rate of preplant N. 
'Treatment means with a letter in common are not significantly different at the 0.05 level of probability according to Tukey's test. 
higher at the 30- and 60-pound rates of preplant N per acre than at the 
zero N level. Those two yields were not significantly different from each 
other or yields of any other preplant rates except the control plots. In 
1980 there was a trend toward higher yields as N rates increased to 60 
pounds per acre, but differences were not statistically significant although 
yield increased by 570 pounds per acre above yield of the control plots. 
When the data were pooled across years, average yields increased as 
N rates increased to 60 pounds per acre, although yields at the 30- and 
60-pound N rates were not significantly different. Yield at the 30-pound 
N rate was not significantly higher than yield at the zero N rate. Average 
yields at the 90- and 120-pound N rates were similar to yields at the zero 
N rate. 
The effects of preplant N rates on the N03 - N concentrations in cotton 
petioles and cotton yields at the Red River Station are shown in Figures 
15 through 21. Nitrate-N levels were highest near first bloom and declined 
rapidly thereafter, just as at the other two locations. However, N03 - N 
concentrations at Red River tended to be higher at all N levels, especially 
the zero and 30-pound rates, than at the other two locations. The one 
exception occurred in 1979, which was an unusually wet season at Red 
River. Nitrate-N concentrations at the zero N level were always lower 
than at other N levels. Concentrations increased where N was applied, 
but tended to be similar regardless of the rate of applied N. Seedcotton 
yields during 1976, 1977, and 1978 were unchanged or decreased by N 
applications, reflecting zero or negative relationships to petiole N03 - N 
levels . 
Because the petiole nitrate levels at this location were generally high 
and yield responses did not occur, the data are not suitable for establishing 
critical nitrate levels. However, the nitrate and yield data can be inter-
preted using the critical levels suggested from data at the other two 
locations. In all years except 1979 the N03 - N levels at the zero N rate 
were very near or greater than 11 ,000 ppm at about first bloom and 5,000 
ppm 1 week later, indicating that N was adequate to produce at least 
3,030 pounds of seedcotton per acre as indicated by critical N03 - N 
levels from the Northeast location. In 1977 these values were about 9,500 
and 5,000, while in 1980 the values were about 10,000 and 4,000 re-
spectively. In the 4 years there were no significant yield increases due 
to added N. However, in 1980 yields increased by 327 and 571 pounds 
per acre where 30 and 60 pounds of N per acre, respectively, were applied 
preplant, although the increases were not significant. The fact that petiole 
N03 - N levels that year were about the same at the 30- and 60-pound 
N rates would further indicate, in addition to the statistics, that these 
nonsignificant yield increases were not due to applied N. Since no sig-
nificant yield responses to applied N occurred in these 4 years when 
N03 - N levels were high, N was apparently not the yield-limiting factor. 
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Figure 15.-Effect of rates of preplant nitrogen on N03 - N concentrations in leaf 
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Figure 16.-Effect of rates of preplant nitrogen on NO, - N concentrations in leaf 
petioles and seedcotton yields at the Red River Research Station, 1977. 
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Figure 17 .-Effect or rates or preplant nitrogen on NO, - N concentrations in leaf 
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Figure 18.-Effect of rates of preplant nitrogen on N03 - N concentrations in leaf 
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Figure 19.-Eft'ect or rates or preplant nitrogen on N0 3 - N concentrations in leaf 
petioles and seedcotton yields at the Red River Research Station, 1980. 
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In 1979 petiole nitrate levels at the zero N rate were well below the 
suggested requirements , and yields were significantly increased by 30 
and 60 pounds of preplant N per acre. The 30-pound N rate resulted in 
petiole N03 - N levels of about 10,000 ppm at the first sample date and 
6,500 p.m. 1 week later and increased yield to 3,577 pounds per acre . 
Yield was not increased by additional N although N03 - N levels were 
increased considerably. The only discrepancy in the data is that the control 
plots in 1979 yielded 2,517 pounds per acre even though petiole N03 -N 
levels were below 2,000 ppm throughout the sampling period. No ex-
planation is apparent. 
Average petiole N03 - N concentrations at zero, 30, and 60 pounds of 
preplant N per acre are shown in figure 20. In Figure 21 petiole N03 - N 
concentrations at the 30-pound N rate are shown at each sample date in 
each year. Consistent with the two other locations there were tremendous 
variations in N03 - N concentrations among years at each sample date. 
B. Effects of post-plant N fertilization on seedcotton yields . 
As shown in Table 4 there were no significant yield responses to 
postplant N applied in combination with zero, 30, or 60 pounds of preplant 
N per acre in any 1 year or in the 5-year average yields. During the last 
3 years foliar-applied urea at the zero N rate of preplant N increased 
yields by 250 to 400 pounds per acre while postplant ammonium nitrate 
applied to the soil increased yields by 474 and 294 pounds per acre in 
1979 and 1980, respectively. Urea and ammonium nitrate as postplant 
applications increased yields at the 30-pound rate of preplant N per acre 
in 1980 by 114 and 261 pounds per acre, respectively . Five-year average 
yields at the zero rate of preplant N were increased by 177 and 110 pounds 
per acre due to 30 pounds per acre of postplant N as foliar urea and soil 
applied ammonium nitrate, respectively. Also, 30 pounds of foliar urea 
per acre increased average yield by 116 pounds per acre in the presence 
of 30 pounds of preplant N per acre. However, none of these responses 
were significant increases. 
Effects of Nitrogen Fertilization on Residual Soil Nitrogen 
Levels of N03 - Nin the surface 18 inches of the soil profile prior to 
the application of N fertilizers at each location of the experiment are 
shown in Table 5. Nitrate-N levels were rather uniformly distributed 
among plots within each location. At the Macon Ridge location the surface 
soil contained about twice the N03 - N level as the lower layers (9.4 vs . 
4.2 pounds per acre). At the other locations nitrate levels were very 
similar in each 6-inch increment of soil. Total N03 - N content in the 
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Figure 20.-Average NO, - N concentrations in petioles of cotton receiving zero, 30, and 60 pounds of preplant nitrogen per acre at 
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Figure 21.-Average N03 - N concentrations in leaf petioles of cotton receiving 30 pounds of preplant nitrogen per acre at the Red River 
Research Station, 1976-80. 
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Table 5 .-SOil N0 3 - N content in 1976 prior to nitrogen fertilization of cotton at Macon Ridge, Northeast, and Red River Research 
Stations1 
Soil profile depth (in.) 
Preplont Postplont 
N N 0-6 6-12 12-18 0-18 0-6 6-12 12-18 0-18 0-6 6-12 12-18 0-18 
-------lb/A---- ---------------------------------------- Soil NO, - N, lb/A------------------------------------------------------------------
0 0 Macon Ridge Northeast Red River 
10.7 4.1 3 .7 18.S S.3 S.4 SA 16.1 8.8 10.2 9.0 28.0 
30 0 8.6 3.4 3.3 lS.3 S.1 S.2 S.1 lS.4 S.6 7.1 8.6 21.3 
60 0 8.6 6.1 3.8 18.S S.4 S.1 4.7 lS.2 7.0 BA 7.1 22.S 
90 0 8.7 4.3 4.2 17.2 S.6 4.0 4.9 14.S 8 .4 9.0 6.S 23.9 
120 0 10.7 3.8 3.6 18.1 4.6 4.3 S.1 14.0 12.7 12.2 8.4 33.3 
0 301 8.3 4.3 6.9 19.S S.3 4.3 S .2 14.8 7.8 8.9 7 .4 24.1 
0 30 7.9 3.7 3.4 lS.O S.3 4.S S.1 14.9 9.0 9.S 6.8 2S.3 
30 30 12.8 4.3 3.4 20.S .4.4 4.1 SA 13.9 9A 8.4 7.9 2S.7 
30 30 10.6 4.7 6.0 21.3 4.6 4.1 4.6 13.3 9.3 12.2 8.7 30.2 
60 30 9. 1 S.1 3.3 17.S 9.2 3.7 S.6 18.S 11.1 11.4 8.7 31.2 
60 30 7 .S 3.9 4.1 lS.S s.s 4A S.3 lS.2 6.0 7.8 7.S 21.3 
Average 9.4 4.3 4.2 17.9 s.s 4.S S.1 lS. 1 8.6 9.6 7.9 26.1 
1Postplont N rotes varied somewhat os indicated in Tables 2 through 4 . 
Macon Ridge, Northeast, and Red River locations, respectively. 
Tables 6, 7, and 8 contain N03 - N levels. in early spring in the surface 
18-inch soil profile during 1977 through 1980 at Macon ridge, Northeast, 
and Red River locations , respectively. At Macon Ridge and Red River 
N03 - N levels were rather constant in the control plots, but generally 
increased in the other plots with increaing N application rates in most 
years. The increase was most apparent in plots receiving 120 pounds per 
acre of N in 1978 at Macon Ridge where the 18-inch profile contained 
55 pounds per acre of N03 - N. However, in the following years the 
N03 - N content in those plots had dropped to about 35 pounds per acre, 
indicating a loss of N which was probably due to leaching and denitri-
fication . At Red River total N03 - N accumulation reached a maximum 
of 32 pounds per acre at the 120-pound N rate. 
At Northeast there were wide fluctuations in N03 - N levels in the 
control plots from year to year. Soil profile N03 - N levels were not 
closely related to rate of applied N. The highest N03 - N level measured 
was 45 pounds per acre, and it occurred in the 18-inch soil profile where 
no N was applied . In 1979 and 1980 the amounts of N03-N detected 
were similar to or slightly higher than levels at the beginning of the study. 
Table 9 contains N03 - N levels in the surface 4 feet of soil at Macon 
Ridge and Northeast and in the surface 3 feet of soil at Red River during 
the spring of 1977 through 1980 in plots receiving zero or 120 pounds 
of preplant N per acre. Total N03 - N levels in the 4-foot soil profile of 
control plots ranged from 30 to 77 pounds per acre at Macon Ridge and 
Northeast and from 33 to 50 pounds per acre in the surface 3 feet of soil 
at Red River. At the 120-pound rate of preplant N per acre the respective 
ranges at the three locaions were 80 to 182, 43 to 76, and 66 to 100 
pounds of N03 - N per acre. It is apparent that the excess N applied was 
not utilized by the cotton, and a portion of it had moved down to a depth 
of 4 feet at Northeast and Macon Ridge and to 3 feet at Red River. 
At all locations N03 - N levels in the surface 18 inches of soil in the 
spring of the year were rather uniformly low at the end of the experiment, 
regardless of the rate of preplant N applied . This result is consistent with 
many other studies that have shown that N03 - N is readily lost by leach-
ing and denitrification during wet seasons such as the winter periods in 
Louisiana. At depths of 3 and 4 feet, accumulations were very apparent 
at the 120-pound N rate per acre in most years. Obviously, some of the 
N was lost by leaching. Therefore, N rates in excess of those needed for 
maximum yields should be avoided for environmental as well as economic 
reasons . 
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Table 6.-Effects of nitrogen fertilization of cotton on residual soil N03 - N content at Macon Ridge Research Station, 19n-so1 
Soil Profile Depth (in.) 
Preplant Postplant 
N N 0-6 6-12 12-18 0-18 0-6 6-12 12-18 0-18 
1977 1978 
0 0 7.4 6.5 5.3 19.2 9.2 5.3 6.5 21.0 
30 0 6 .1 7.8 6.7 20.6 17.8 7.5 6.8 32.1 
60 0 6.6 9 .2 8.4 24.2 13.4 10.4 10.1 33.9 
90 0 5.6 9.2 6 .7 21.5 13.5 12.9 13.7 40.1 
120 0 7 .7 11.9 14.6 34.2 17.4 13.2 24.6 55.2 
0 302 6 .3 7.5 5.5 19.3 17.5 7.2 6.8 31.5 
0 3()3 7.4 7.5 7.2 22.1 10.4 4.7 9.4 24.5 
30 302 7.8 6.4 5.1 19.3 12.7 6.0 7.3 26.0 
30 3()3 7.4 7.7 9.5 24.6 13.3 5.1 4.9 23.3 
60 302 6 .1 6.1 5.9 18.1 10.4 5.6 6.9 22.9 
VI 60 3()3 6.0 11.3 11.5 28.8 12.9 7.8 10.0 30.7 
N 
1979 1980 
0 0 13.4 6.0 5.9 25.3 11.4 7.4 3.5 22.3 
30 0 12.9 6.4 5.9 25.2 9.8 3.7 8.2 21.7 
60 0 16.7 6.0 5.2 27.9 12.1 4.6 4.9 21.6 
90 0 17.9 7.2 6.5 31.6 15.2 7.3 5.2 27.7 
120 0 21.0 8.1 7.2 36.3 15.0 6.7 13.2 34.9 
0 302 13.7 6.7 6.9 27.3 15.0 4.1 4.6 20.7 
0 303 14.6 6.2 4.9 25.7 12.0 4.1 4.7 20.2 
30 302 17.4 7.6 5.1 30.1 11.4 4.7 5.6 24.3 
30 3()3 19.8 6.6 4.7 31.1 14.0 5.5 5.7 25.7 
60 302 18.7 7.3 4.6 30.6 14.5 4.4 8.0 24.3 
60 3()3 18.9 10.2 10.6 39.7 11.9 12.0 13.6 30.2 
'Soil samples were collected before N was applied in the spring of each year. 
2Postplant N was applied at 30 pounds per acre in 15 pounds per acre increments as foliar urera, except in 1976 and 1977 when the rates varied somewhat. 
3Postplant N was applied at 30 pounds per acre in 15 pounds per acre increments as sail applied ammonium nitrate, except in 1976 and 1977 when the rates varied 
s~ and urea was the N source. 
Table 7.-Effects of nitrogen fertilization of cotton on residual soil N03 - N content at the Northeast Research Station, 1977-801 
Soil profile depth (in.) 
Preplant Postplant 
N N 0-6 6-12 12-18 0-18 0-6 6-12 12-18 0-18 
19n 1978 
0 0 2.7 2.4 3.1 8.2 18.4 10.3 16.7 45.4 
30 0 2.8 2.4 3.2 8.4 7.5 6 .6 5.0 19.1 
60 0 2.8 2.5 2.3 7.6 8.6 9.3 10.4 28.3 
90 0 2.7 2.5 3.0 8.2 8.6 8.0 9.0 25.6 
120 0 3.1 2.6 2.8 8.5 9.0 8.7 8.7 26.4 
0 302 2.4 2.9 3.2 8.5 8.7 8.9 11.1 28.7 
0 303 2.4 2.2 3.3 7.9 10.9 12.1 9.9 32.9 
30 302 2.5 2.4 3.3 8.'2 14.8 11.5 10.7 37.0 
30 303 2.9 2.0 3.3 8.2 11.4 8.0 20.5 39.9 
60 302 2.5 2.6 3.2 8.3 13.5 12.2 15.7 41.4 
VI 60 303 2.5 2.4 3.1 8.0 11.4 12.8 14.9 39.1 
w 
1979 1980 
0 0 5.2 4.2 5.6 15.0 5.5 6.1 8.0 19.6 
30 0 6.0 5.4 4.6 16.0 5.3 5.1 4.9 15.3 
60 0 11.3 7.2 10.3 28.8 5.1 5.5 9.4 20.0 
90 0 9. 1 4.2 5.2 18.5 5.2 5.9 6.4 17.5 
120 0 7,6 6.0 6 .8 20.4 7.2 6 .9 5.7 19.8 
0 3()2 6.5 5.7 7.0 19.2 5.6 5.8 5.5 16.9 
0 303 7.5 8.0 6.0 21.5 6.1 5.7 7.2 19.0 
30 302 7.0 13.2 7.6 27.8 5.4 5.3 6 .3 17.0 
30 303 5.7 7.6 6.9 20.2 5.9 5.9 6 .0 17.8 
60 302 7.5 5.4 8.0 20.9 8.1 13.1 8 .8 29.9 
60 303 6.8 5.4 6.8 19.0 7.4 8.8 4.4 20.6 
'Soil samples were collected before N was applied in the spring of each year. 
2Postplant N was applied at 30 pounds per acre in 15 pounds per acre increments as foliar urea, except in 1976 and 19n when the rates varied somewhat. 
3Postplant N was appllied at 30 pounds per acre in 15 pounds per acre increments as soil applied ammonium nitrate, except in 1976 and 19n when rates varied 
somewhat and urea was the N source. 
Table 8.-Effects of nitrogen fertilization of cotton on residual soil N03 - N content at the Red River Research Station, 1977-801 
Soil profile depth (in.) 
Preplont Postplont 
N N 0-6 6-12 12-18 0-18 0-6 6-12 12-18 0-18 
1977 1978 
0 0 4.9 3.5 4.3 12.7 5 .1 4.3 5.0 14.4 
30 0 5.2 3.8 4. 1 13.1 6 .2 4.9 5 .8 16.9 
60 0 4.9 4.3 4.2 13.4 7.6 4.8 5.5 17.9 
90 0 5.0 4. 1 4.3 13.4 8.0 6. 1 7.8 21.9 
120 0 5.0 4.7 4.6 14.3 11.9 7.7 9.7 29.3 
0 302 4.2 4.3 3.6 12. 1 5 .2 4.3 5.7 15.2 
0 302 3.8 3.6 3.2 10.6 7.8 5.4 5.6 18.8 
30 302 5.2 3.8 3.9 12.9 7.2 5.3 7.1 19.6 
30 302 4.6 4.8 4.2 13.6 7.6 5.9 6.3 19.8 
VI 60 302 5 .2 4.0 3.6 12.8 7.4 5.5 6.5 19.4 
~ 60 302 4.8 4.7 4.3 13.8 10.3 5.4 7 .0 22.7 
1979 1980 
0 0 6.2 5.2 6 .7 18.1 5.4 5.5 5.4 16.3 
30 0 10.0 6.4 6.3 22.7 5.7 6.2 6.3 18.2 
60 0 10.9 8.7 7.1 26.7 7.2 5.8 7.1 20.1 
90 0 10.6 7.5 8.4 25.5 6.4 7.8 7.7 21.9 
120 0 11.5 9.6 11.2 32.3 7.6 5.1 9.5 22.2 
0 302 10.5 10.3 11.4 32.2 5.3 4.7 5 .3 15.3 
0 302 8.5 8.2 7.3 24.0 4.9 6.0 6.2 17.1 
30 302 10.1 8. 1 8.6 26.8 5.9 5.8 6.3 18.0 
30 302 7.2 5 .3 4.7 17.2 6.6 7.3 8 .5 22.4 
60 302 6. 1 5.2 6.8 18.1 6.7 7.5 7.7 21.9 
60 302 8.5 7.1 6.0 21 .6 7.9 7.4 8.2 23.5 
'Soil samples were collected before N was applied in the spring of each year. 
2Post-plant N was appliled at 30 pounds per acre in 15 pounds per acre increments as foliar urea, except as indicated in Table 4. 
3Post-plant N was applied at 30 pounds per acre in 15 pounds per acre increments as sail appllied ammonium nitrate, except as indicated in Table 4. 
Table 9.-Annual soil profile N03 - N (lb/A) as influenced by nitrogen fertilization 
of cotton at Macon Ridge, Northeast, and Red River Research Stations1 
Soil profile depth (in.) 
Preplont 
Year N 0-12 12-24 24-36 36-48 0-36 0-48 
lb/A 
Macon Ridge 
19n 0 13.9 11 .2 12.6 32.0 37.7 69.7 
120 19.6 30.8 26.6 35.6 146.7 182.3 
1978 0 14.6 6.5 6.0 7.5 27.1 34.6 
120 30.6 23.0 20.7 14.6 74.3 88.9 
1979 0 19.4 10.1 8.7 11.2 38.2 49.4 
120 29.0 23.6 37.7 32.5 90.3 122.8 
1980 0 18.8 17.4 21.4 19.9 57.6 n .5 
120 21.7 19.2 19.4 20.2 60.3 80.5 
AVERAGE 0 16.7 11.3 12.2 17.6 40.2 57.8 
120 25.2 24.2 18.6 25.7 92.9 118.6 
Northeast 
19n 0 13.9 8.0 2.3 5.6 24.2 29.8 
120 19.6 8.6 8.0 7.6 36.2 43.8 
1978 0 14.5 9.2 11.1 10.5 34.8 45.3 
120 30.6 9.3 16.2 14.9 56.1 71.0 
1979 0 19.4 12.6 9.9 11.5 41.9 45.5 
120 29.0 9.6 18.3 20.3 56.9 68.5 
1980 0 18.8 17.4 21.4 19.4 57.6 n .6 
120 21.7 19.2 19.4 30.2 60.3 76.0 
Averoge 0 16.6 11.8 11.2 11.7 39.6 51.3 
120 25.2 11.7 15.5 15.8 52.4 68.2 
Soil profile depth (in. ) 
0-18 18-24 24-30 30-36 0-36 
Red River 
1978 0 14.4 6.4 7.3 5.8 33.9 
120 29.3 16.2 25.5 29.9 100.9 
1979 0 18.1 7.6 9.2 14.7 49.6 
120 32.3 13.9 12.1 21.9 89.2 
i 980 0 16.3 6.0 4.9 4 .9 32.6 
120 22.2 10.9 16.6 16.5 66.2 
Averoge 0 16.3 6.6 7.1 8.5 38.7 
120 35.3 13.6 18.1 22.7 85.4 
'Soil samples were collected in the spring before N was applied. 
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Summary and Conclusions 
Unifonn nitrogen fertilization experiments were conducted at Macon 
Ridge, Northeast, and Red River Research Stations from 1976 through 
1980. The experiments were conducted to: (1) determine relationships 
among N fertilizer rates, cotton yields, and petiole N03 - N concentra-
tions; (2) compare the efficiency of preplant vs. split (preplant + post-
plant) applications of N; (3) compare the efficiency of foliar applications 
of urea and postplant soil applications of ammonium nitrate; (4) evaluate 
N03 - N concentration in leaf petioles during early fruiting as an indicator 
of the N status of the crop; and (5) monitor soil N03 - N content to 
determine the effect of N fertilization on residual soil N levels. 
Cotton petioles were collected weekly from the uppermost, fully ex-
panded leaf of plants in all plots beginning at approximately first bloom 
and continuing for at least 6 weeks. Concentrations of N03 - N were 
measured and post-plant N was applied in combination with zero, 30, or 
60 pounds of preplant N per acre when N03 - N levels dropped below 
5,000 ppm during 1976 and 1977 and below 10,000 ppm during 1978, 
1979, and 1980. 
Preplant N 
Seedcotton yields were significantly (P> .05) increased by preplant N 
applications in 2 of the 5 years at Macon Ridge. In both of those years 
a~d in the 5-year average data, 60 pounds of N per acre produced sig-
mficantly more yield than did the control plots, but not significantly more 
t~an did 30 pounds of N per acre. There were no yields significantly 
higher than yields at the 60-pound N per acre rate. In the remaining 3 
years at Macon Ridge, there were increasing yields as N rates increased 
to 60 pounds per acre, but difference were not significant. During the 
5 years, yields averaged 2,536 pounds per acre at the 60-pound N rate 
per acre. 
At Northeast preplant N significantly increased seedcotton yields in 
each of the 5 years. In 4 years and in the 5-year average data, near 
maximum yields were obtained at the 60-pound N rate per acre, with 90 
pounds of N per acre producing significantly more in 1976 only. Yields 
at 60 pounds of N per acre averaged 2,872 pounds per acre during the 
5 years . This value was significantly higher than yields of the control 
plots but not significantly higher than yields at 30 pounds of N per acre. 
At Red River preplant N applications increased yield only in 1979 
when maximum yield occurred at the 30-pound N rate per acre. Five-
y~ar average data indicated that 60 pounds of N per acre produced sig-
mficantly higher yields than did the control plots but not higher than 
yields at 30 pounds of N per acre. 
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Five-year average data at each location showed that yields at 60 pounds 
of preplant N per acre were significantly higher than yields of control 
plots but not significantly higher than yields at 30 pounds of N per acre. 
A verge yields were not increased significantly by preplant N rates greater 
than 60 pounds per acre at Macon Ride and Northeast or by rates greater 
than 30 pounds per acre at Red River. 
Petiole Nitrate-N Concentrations 
Nitrate-N concentrations generally increased as preplant N rates in-
creased. This effect was greatest at N rates up to 60 pounds per acre at 
Macon Ridge and Northeast and greatest at 30 pounds per acre at Red 
River. Concentrations of N03 - N and concentration differences due to 
N applications were greatest early in the season and decreased rapidly 
with time. At Macon Ridge where near maximum yields (2,536 pounds 
per acre) occurred at the 60-pound N rate per acre, N03 - N concentrations 
were at least 7,000, 4,000, and 3,500 ppm at approximately first bloom 
and at 1 and 2 weeks later, respectively. At Northeast corresponding 
values were 11,000, 5,000, and less than 2,000 where maximum yields 
(3 ,030 pounds per acre) occurred at 60 pounds of N per acre . At Red 
River N03 - N concentrations were near or greater than the above values 
in all years except 1979, the only year that yields were significantly 
increased by N applications. In that year 30 pounds of preplant N per 
acre increased N03 - N concentrations to over 9,500 and 6,500 ppm at 
approximately first bloom and 1 week later, and increased yields to 3,577 
pounds per acre. At all locations there were tremendous variations in 
N03 - N concentrations among years at a given sample date. 
Postplant N 
Seedcotton yields were increased significantly at Macon Ridge in 1977 
and 1980 by postplant N applications in combination with 30 pounds of 
preplant N per acre. Foliar applications of urea and soil applications of 
ammonium nitrate were equally effective as postplant N sources. Five-
year average data indicated that yields were increased significantly by 
postplant ammonium nitrate where no preplant N was applied, and by 
both postplant N sources where 30 pounds of preplant N per acre was-
applied. At the 60-pound N rate, yields were not significantly higher 
where the N was applied half preplant and half postplant than where all 
N was applied preplant. 
At Northeast seedcotton yields were increased significantly by postplant 
N applications in 1978 and 1979 in combination with zero and 30 pounds 
of preplant N per acre. In both years foliar urea and soil-applied am-
monium nitrate were equally effective as postplant N sources. In 1980, 
a very dry year, foliar urea significantly increased yields in combination 
with zero, 30, and 60 pounds of preplant N per acre, but soil applied 
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ammonium nitrate did not. Five-year average data indicated that both 
postplant N sources increased seedcotton significantly at zero and 30 
pounds of preplant N per acre and foliar urea also increased yields sig-
nificantly at 60 pounds of preplant N per acre. Again, split applications 
at the 60-pound N rate did not increase yields significantly more than did 
preplant applications. 
At Red River there were no significant yield increases due to postplant 
N applications , although there were several instances where non-signif-
icant yield increases occurred. Yield responses to postplant N applications 
at this location would not be expected because of the high concentrations 
of N03 - N in the petioles. 
In general there was no statist~cally significant advantage in this study 
to split N applications rather than applying all N before planting. How 
ever, in many instances postplant N applications resulted in higher yields 
than did preplant N applications , although differences were not signifi-
cant. The data show that postplant N applied foliarly as urea or applied 
to the soil as ammonium nitrate can effectively increase yields. 
Soil N03 -N 
Soil N03 - N concentrations measured each spring were highly variable 
among years. In the surface 18-inch profile at Macon Ridge and Red 
River, N03 - N concentrations generally increased with increasing rates 
of preplant N, but at the Northeast location soil nitrate levels were not 
closely related to N application rate. There was no continued year-to-
year nitrate accumulation at any depth or location. At the 120-pound rate 
of preplant N the increased nitrate level at depths of 3 and 4 feet 
indicate that some of the excess N was lost by leaching. 
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